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Introduction 
Few PET isotopes are suitable for antibody label-
ling since immunoPET requires that the PET 
isotope can be attached to the mAb with high in-
vivo stability and the decay half-life of the iso-
tope should match the pharmacokinetics of the 
mAb (1). Both 124I (t½ = 4.2 d) and 
89Zr (t½ = 3.3 d) 
have a near ideal half-life for antibody-based 
imaging, but there are several advantages of 
using 89Zr over 124I. For 124I, the high energy of its 
positrons (2.13MeV), results in a relatively low 
PET image resolution and the possible dehalo-
genation in vivo can lead to significant radioac-
tivity uptake in non-targeted organs. In compari-
son, for 89Zr the low energy of its positron 
(395.5keV), results in a PET images with a higher 
spatial resolution and furthermore, 89Zr is a 
residualizing isotope, which is trapped inside the 
target cell after internalization of the mAb. One 
disadvantage of 89Zr is its abundant high energy 
gamma-ray (909KeV), which may limit the radio-
active dose that can be administered to the 
patients. 
The most popular reaction used to produce 
89Zr is the 89Y(p,n)89Zr nuclear reaction (2,3). A 
proton beam with 14-16MeV energy is used to 
bombard inexpensive high-purity 89Y metal tar-
get (99.9%), avoiding cumbersome recycling of 
the target material.  The yttrium targets could 
be either a foil (4), sputtered onto a copper 
support (5) or Y2O3 pellets (6). 
Although 89Zr is currently commercially avail-
able, its price is prohibitive for routine clinical 
applications of 89Zr immuno-PET. The motivation 
of the present work was the implementation of 
a fully automated production of 89Zr using com-
mercially available automated systems.   
We also describe a newly designed and test-
ed platinum cradle, capable of holding a metallic 
foil and being directly compatible with the IBA 
NIRTA target and IBA Pinctada Metal dissolu-
tion/purification module. 
 
Materials and Methods 
The solid target infrastructure used for 89Zr pro-
duction was identical to the implementation 
reported earlier by S. Poniger et al. (7) for pro-
duction of 64Cu and 124I. The commercially avail-
able Nirta Solid Target from IBA was coupled to 
our 18/9 IBA cyclotron using a 2-meter external 
beam line.  A fully automated pneumatic solid 
target transfer system (STTS) designed by TEMA 
Sinergie was used to deliver the irradiated tar-
gets to a dedicated hotcell. 
A custom target foil holder needed to be de-
signed to allow direct compatibility between the 
IBA Nirta solid target and the IBA Pinctada disso-
lution module, and to allow the irradiated target 
to be directly loaded into the Pinctada dissolu-
tion module without disassembly and still main-
tain high levels of inertness and low metal con-
tamination.  The newly designed platinum cradle 
holding an yttrium foil (0.127mm thick, 8mm∅) 
is shown in figure 1. 
  
 
  
 
FIGURE 1. A: Disassembled Pt target foil cradle, 8mm ∅ 
Y-foil and Pt containment ring.  B: Assembled target 
ready for irradiation.  C: Cross-section of the assem-
bled target showing the tapered internal wall which in 
combination with the oversized Pt containment ring 
helps hold the foil against the Pt target holder for 
contact cooling. 
 
 
The custom designed foil target holder is capa-
ble of holding foils ranging from 0.1mm to 
0.250mm in thickness.   
The yttrium foils purchased from Alfa Aesar 
were 0.127mm and 0.250mm thick with 99.9% 
purity.  Irradiations were performed on single 
0.127mm thick foils, double stacked 0.127mm 
foils (∼0.250mm total thickness) and 0.250mm 
thick foils. The beam energies were 14.9MeV 
and 13.0MeV used with a 90o angle of incidence
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FIGURE 2. Schematic of IBA Pinctada Metal dissolution/purification module setup for 89Zr production 
 
with He cooling on the Y-foil front face and wa-
ter cooling on the rear of the Pt target holder.  
The irradiated target was then loaded direct-
ly into the IBA Pinctada Metal module (see fig-
ures 2 and 3) for dissolution & purification with-
out disassembly. The clamping mechanism used 
to hold the target during acidic dissolution is 
seen in blue on the right side of the module (fig. 
3). 
 
 
 
 
FIGURE 3.  1st generation IBA Pinctada Metal dissolu-
tion and purification module adapted for 89Zr produc-
tion. 
 
 
We used the dissolution/purification method 
described by Holland et al. (8), without modifica-
tion (purification of 89Zr from 89Y, 88Y and other 
radionuclidic impurities using a hydroxamate 
column, with 89Zr eluted with 1.0M Oxalic acid). 
The hydroximate resin (100mg) was loaded into 
an empty 10mL poly-prep column from Bio-Rad 
and contained between two frits (see figure 4). 
Oxalic acid (puriss p.a. ≥99.0%), Deferox-
amine mesylate salt powder (≥92.5%), 2,3,5,6-
Tetrafluorophenol (97%), N-(3-
Dimethylaminopropyl)-N‘-ethylcarbodiimide 
hydrochloride (≥99.0%), acetonitrile (99.999% 
trace metals basis), Hydrochloric acid (≥37% 
TraceSELECT), hydroxylamine hydrochloride 
(99.999% trace metals basis), sodium hydroxide 
solution 1 M, and hydrogen peroxide solution  
(≥30%, TraceSELECT Ultra) were all purchased 
from Sigma Aldrich. 
 
 
FIGURE 4. Empty 10mL Poly-Prep column from Bio-Rad 
filled with 100mg of hydroxamate resin.  Insoluble 
black material is visible on top of resin after use.   
 
 
Radionuclidic purities were evaluated by 
gamma spectroscopy using a Canberra 9% BEGe 
2020 detector coupled to a LYNX 32k MCA and 
Genie 2000 software. 
 
Results and Conclusion 
When used in conjunction with our custom tar-
get foil holder, the Pinctada Metal dissolution 
and purification module provide a fully auto-
mated procedure for dissolution of the irradiat-
ed 89Y target and subsequent purification and 
recovery of 89Zr.  Figure 5 shows the step-by-
step radioactive trend of the hydroxamate col-
umns output including: loading of the dissolved 
Zr-89 
N.C. 
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foil solution onto the hydroxamate resin (A), 
acidic and aqueous washing of the resin (B & C) 
and recovery of the 89Zr (D). 
 
 
 
 
FIGURE 5. Radioactive trend of the hydroxamate col-
umns output.  A: Loading dissolved foil (in 2mL 6M 
HCl + 5mL H2O) onto hydroxamate resin, B: Washing 
resin with 10mL 2M HCl, C: Washing resin with 10mL 
H2O, D: Elution of 
89Zr with 1.0M oxalic acid in approx 
1.5mL final volume. 
 
 
Table 1 lists the results of the 89Zr produc-
tions to date.  In these preliminary productions, 
an average purified 89Zr yield of 12.7MBq 
(0.34mCi)/μAh for a 0.127mm thick Y-foil and 
22.6MBq (0.61mCi)/μAh for a 0.250mm thick 
foils was achieved at 14.9MeV.  Gamma spec-
troscopy of the samples irradiated at 14.9MeV 
(fig. 6) shows low level co-production of the 
radionuclidic impurity 88Zr (t½ = 83.4d) at 
393keV, resulting from the (p,2n) reaction on 
89Y. To help reduce the co-production of this 
long lived impurity, a lower energy beam (using 
an 800μm Al foil degrader as opposed to a 
500μm Al foil) was selected for the last produc-
tion. By lowering the beam energy from 
14.9MeV to 13.0MeV, we were able to eliminate 
the co-production of 88Zr (393keV) as is evident 
in the gamma spectra of the purified 89Zr prod-
ucts shown in figure 7.  The average purified 89Zr 
yield produced at 13.0MeV for 0.250mm thick 
foils was 15.9MBq (0.43 mCi)/μAh. 
 
 
 
TABLE 1. 89Zr production results. 
 
 
FIGURE 6. Spectra of the γ-ray emissions from a puri-
fied sample of 89Zr irradiated at 14.9MeV and record-
ed 2hrs after E.O.B..  A co-produced long lived impuri-
ty 88Zr peak is visible at 393keV. 
 
 
 
FIGURE 7. Spectra of the γ-ray emissions from a puri-
fied sample of 89Zr irradiated at 13.0MeV and record-
ed 14hrs after E.O.B.. No co-production of 88Zr 
(393keV) can be observed. 
 
 
Doubling the foil thickness (using either 2 x 
0.127mm thick foils or 1 x 0.250mm thick foil) 
results in approximately double the production 
yield, and lowering the beam energy from 
14.9MeV to 13.0MeV eliminates the co-
production of the long lived impurity 88Zr but it 
also reduces the production yield by ~30%. 
In these preliminary experiments, no physical 
deformation of the Y-foil or the Pt target hold-
er/Pt containment ring was observed at 20-30μA 
beam currents, but there was a slight discolora-
tion of the Y-foil at the higher range of the beam 
energies tested due to a beam hot spot. Higher 
beam currents (>30μA) are under investigation.   
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